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Abstract 

The Fermilab Linac Upgrade is plumed to 
inueame the energy of the H- linac from 2BB to 
l 00 HSV. Thim in intended to reduce the 
incoherent space-charge tuneshift at injection 
into the 8 CeV Booster which can limit either the 
brigbtnemm or the total intensit7 of the beam. 
The Linac Upgrsds till be rchievxl b7 replacing 
the lut four 281.26 XII= drift-tubs linac (DTL) 
tar&m which accelvrte the beam from 118 to ZBB 
HOV, with eeven 885 I& side-coupled carit, 
nodules operating at an average axial field of 
about 7.6 IN/meter. This will allow acceleration 
to 488 YeV in the existing Linrc enclosure. Bach 
accelerator module will be driven with L 12 MW 
kl,strcn-bred rf power supply. Three of seven 
accelerator modules hare been fabricated, power 
tested md installed in their tamporm7 location 
adjacent to the existing DTL. All meven BF 
Modulator. have been completed and k17stzon 
inmt.*llation brs begun. Wareguide rum have bean 
completed from the power suppl7 gall-7 to tka 
rcce1er.t.m modules. The new linsc will be 
powered in the temporu7 position without beam in 
order to verify overall l 7stem reliabilit7 until 
the l.borator7 oparrting schedule permita fin-1 
conremion to 400 YeV operrtion. 

Intreduction 

The present 288 MeV drift-tube linac (DTL) 
ccmsimts of r&a accslsrator uritice operating at 
L froquenc7 of 201.26 MEs. Esb urit, is porsred 
by . triode-b.sed radio-frsquenc7 (rf) power 
aupplP rated to deliver up to s b!W of peak power 
for s 126 p.seo flat-top pulse. The Lieu: Upgrade 
will rsp1.c.a the last four crritiem. which 
rccelerrts the beam from Il.0 MeV to 188 HaV in * 
length of 1)(1 rstu., with .-en &3e-coupled 
urit7 modules operating at s frequency of 866 KEm 
or four timas the DTL frequanc7 (-as Figure 1). 
The higher frequency allows higher rccelerrting 
gradients to be ackiered mo that l kinetic energ 
of 400 X.3' up b., rcrebed in the .a linae 
cnclomrs. &a& module will be driver. rith L 
kl7stron-based rf power muppl7 r&ed to deliver tip 

Vfork mupportad b7 the U.S. Department of &erg7 
under contrrct So. DE-AC&?-76CEOaBBB. 

to 12 HT of peak power for 125 paec at a 16 He 
repetition rate. The nominal peak power 
requirement of each module with 86 IQA of berm is 
*bout la MT.., The &r&us of the Linac Upgrade 
through LOW was reported in Bef. 1. 

A.zca1arat.x stlmctum 

The side-coupled (SC) accelerating structure 
ras meleeted for the Line Upgrade because it ia 
well under.tood md full7 proven. The side- 
coupled structure ILL used &bore 188 HeV for the 
886 Eir Los Almms Meson Ph7sics Frcilit7 (LAWF) 
proton linac designed in the earl7 1868'm (see 
Figure 2). This coupled-carit structure i- 
eperrted in a so-called T&l@ x/a standing ware 
mode in which the phase shift between an 
accelerating cell and a adjacent coupling cell 
(off the beam axis) is 00 degrees. The 
rccs1uat-x cell length is m/a/z for particle-n*Te 
s7mhmnism. Hue ,T is the particle relocity 
dirided b7 the speed of light, md X is the free 
spaca rarelength of the accelerating field. The 
inssnsitivit7 of field amplitudes md phases to 
mechanical putarb&.ions in much rr/2 structures is 
a fundamental IOMOP for their widespread use. 

Because the new side-coupled linrc will 
rcplua that psrt of the existing drift-tube linac 
which .ccelerhen the beam from 1113 MeI' to 288 
MeV, it must hare a gradient about three time 
higher thrn in the DTL and mske consuratire ume 
of space for beam matching, focusing md 
disgoostics. In puticulrr, L I-meter Trmmition 
section (two 806 XXI buncbcr cavities md 
quadrupoles) for matching the beam between the DTL 
md side-coupled linrc md L spree cf about two 
meter. .t the dom&.rerm end of the li.,mc for 
changes in the Linac-to-Booster transfer line are 
required. Table 1 . wmuises the principle design 
critesh and derived puameterm for the ner linrc. 

TJm diridon of the new SC linac into seven 
independent17 axeited rf module‘ original17 
resulted from tkrse principal considerations, 
name17 the practical sise for 806 YBs kl7mtrona, 
the shunt impedcmca of the ‘tructwe .nd the 
cxi&ence of suitable penetrations from tbs line 
utilit7 basement into the linac snclosure. Since 
the original design in 1087, radi&ion mafet7 
considerations ham mandated the need for new 
rareguide penetrations with the existing 
downstream DTL penetrstions in the linac vtilit7 



brsement to be u1tirmte1, m.Xled. Uniform 
distribution of rf power favors feeding the 
modules from the center, IIO there is a bridge 
couplar at that location which can rlllo 
rccomodate L mrgnetic quadrupole. Pi defocusing 
requires that the quadrupolee of the FODO channel 
be 1-ms thin two wters rpvt in the firet 
modules. Theee conditionn were matlsfied b7 
dividing the rodvles into icur sections sepurted 
LTJ bri&s couplers of length @x/a/a (see Figure 3). 
The Post-atabilised bridge-coupler developed for 

LAU'F I(M used for the Per&lab Linac. 

Table 1. 1S8 YeV Linac Design 
Criteria md General Purmeterm 

Initial kinetic encrp (t) 116.54 Me" 
Find kin&c cnagy (T,) 401.46 Mc" 
Length, induding trvvition *c&on 63.678 
Frcqumcy of if (I) 805.0 u8", 
scam cvrrcnt arcraged o*er p&c (r,) 50. InA 
scan pulse lcngtb < LOO. pl 
Rcpctition rate 15.0 Bz 
Accelerating phart (v.) -32. dcg 
.4vcrageti~lficld(E.) 8.07-7.09 U",m 
M&mumwdac~ field (C..) 36.8 MV,m 
Kilp.ttick limi, (Ex) 26. MV/m 
Numbcrafmodulcs 7 
RF powcrjmodulc,typicd < 12. hlW 

cc.ppei loss 7.2 MW 
barn povcr 2.0 MW 
~YCIVC md conlx.1 2.8 MW 

Number ofre&,nr,modu,e 4 
Number ofrfccUr/rcction 16 
Toid ncmber of rf cdr (7 x 4 x 16) 115 
Length .,f bddgc coaplcr. bc‘vccn ICC&~. ;m 
'harvcrre focusing rchcmc FODO 
Tranrverrc pbarc .dw.ce,FODO ce,,,avcragc 79. dcg 
Qu.drupole magoctic Icngth 8.0 
'Quadrupol~ p&tip rid..+ 4.6 IT 
Quadrupolc bar. rridiur (r,) 2.0 cm 
Cavity bore r.diu. (r,) 1.5 cm 

The werage uirl field, E. of 7.6 llV/m in the 
mm linac is about three times the gradient in the 
existing DTL. Early in the project it warn 
considered desirable to limit the -park rata to 
about one v-k par thoummd rf PUlSSS 
correqxxding to 0.1% beam lomm due to cavity 
*pUkiZlg. Be-ev*lurtion of earlier 16-cell 
prototype PDIV teet rceu1t.g indicated that . 
,p.rk r.ta of about #.1X could be upseted for 60 

~yec pulme 1angt.h. (16 HI repetition rata). 
Bet- June 1991 md Yvcb 1983, all ‘"en 
accelerating modules were voltage conditioned in L 
concrete UT* to l bield breamstrhlung x-raFm. A 

protot,pe Litton L-6869 k+tron 1-s lJsed to power 
the nodules. This 12 y1 klF.tron continue. to 
operate srti.factoril7 &ten neulF &3BB houra of 

high-power output. 
All accelerator modules -e conditioned until 

their spark r-to, extrrpelrted to L full linac, 
M lowered to 0.3X rt SB pet pulse length. Onl, 

88 pet of beam must be accelerated in operation. 
Further voltage conditioning is expected during 
linac operation. For pulse lengths, 7 between 18 
we= md 138 pet the mpark rate varied like 4. 
The reason for this strong dependence haa not been 
determined. Inspection of conditioned cavities 
indicated that -parking had occurred OP the mide- 
cell md rccelerating-cell nose cones e.s well as 
the coupling *lot cornerll. Ro change in coupling 
conmtmt could be detected. The pressure in 
conditioned cavities under full power me? about 
10-g to**. &ltipactoring rt discrete low-power 
lerelm (< 6 HT,..res suggested by higher pressure 
levelm (10-7 t,orr). Ilo multiputoring warn evident 
in the expected o-sting rrnge above 0 UT. 

hdio-FMqu.r‘n~ Power Symtu 

The 886 ISIs Linac Upgrade requires seven high- 
power kl,&ron md modulator systema to run the 
s-era independent rccelerrtor modulea. Table 2 
givea L complete Power tabulation for LIL BF 
station assuming 86 mh of accelerated be-. This 
shows that only about 10 M of Peak power is 
needed. The k17stron mpecificationa in Table 3 
applF to the L-6869 13 HW klystrons being produced 
by Litton Electron Devices. The BF modulator 
built bF Fermilab consists of . pulme forming 
network (PFN) dimcharged into the klystron cathode 
t&rough LP oil-filled 20~1 *tap-up transformer. 
The PFS im cbuged to 18 kV from . power supply 
using the resonant charging techpique (capacitor 
and chrging &ok.=.) with LII SCI2 (silicon 
controlled rectifier) switch to initiate the 
charging cycle. The power muppl, &ores .bout 18 
W but onl, .bont 13 kJ ue used to charge the PFN 
“a-, 00 m*ec (16 Es). 

Table 3. BF Power Tabulation 
Nominal power, accelerating 35 mA beam 
(SUPERFISH shunt impedance dented by 15%).....8.6 Mw 

Waveguide run losses (17L875), harmonic 
isolator (if required).........................0.6 M 

Add 10% for feedback loop regulation...........O.Q )dw 

The cavity diameter may have to be altered 
slightly at some p's to avoid TMllo 
deflecting modes..............................O.l)aW 

Estimated Total 10.2 nv 
The rodulrtor sonmi&m of three unitm md is 

diecussed in detail in Ref. 3. The schematic in 
Figure 4 mhorm the 1SB kW charging nppl7, the 26- 
cell PFN .nd the stap-up trmsformer th.t rmke up 
the circuit. In operrtion, the charging supply 
maintains a 9 kV output roltrge on its filter 
bank. When the charging mupplF SCE switch is 
fired, the choke resonates with the PFN capacitors 



.nd charges them to 18 kV. The PFN SCB switch ia 
then fired to diechrrge the PPN into the pulee 
trmsformer primu,. The reflected 1o.d of the 
kl,stron matches the 8 Cl characteristic impedance 
of the PFN md the pr imar, seea L 9 W/g kA .quare 
1.ve pales for 125 /As-c. The eeeondez, Pulse 
delivered to the kl,atron is 15x3 kV spd 161 A rith 
. f1.t.s.. md ragul.tion of fB.06X. Kl,.tron 
power output rersos input drive power is whom Ln 
Fig. 6. 

T.ble 1). Kl,atron Specifications 

Peak power output 12 Mw 
Pulse length 125 ps 
Pulse repetition rate 15 PPS 
Duty factor 0.10751 
Average power 22.5 lw 
Efficiency 50% 
Gain 50 dB 
RF output WR975 waveguide 
DilWXSiOIlS 108 inch height 

24 inch diameter 
Voltage 170 KV 
Ctl*r*llt 141 A 

Project strto. 

The three major a,etems for the Lin.c Upgr.de 
.rc #id=-coupled .cceler.tor Icdulcs, rf 

modulrtors lad 12 HW klystrons. The Project began 
construction in October IQSQ ad is scheduled for 

1in.c conversion to 400 HeV anerg, in the l pring 
of 1998 bawd on the present l.bar.tor, operrting 
schedule. 

F.briution of . prototTps .ecelu.tor modulr 
(four eections .nd three bridge couplers) beg.. in 
October 1989. Thin prototype =u aleetriull, .nd 
mechmiull, squir.1e.t to the fir& of emen 
aide-coupled liluc nodule- nwded for the me= 
linw.. The first l&urit, eection =.s br..od .t 
P,rom=t Inc. (Sm Culo., C.1iforz.i.) in J.mu.r, 
1990 md ths second section in April. The third 
md fourth .=&ions we brr.ed l imultmaon.1, in 
Augmt 1990. 

Fin.l tuning of the Protot.,P= module ,,.. 
eomploted in Yvcb 1991. Ths pow tsstiog =.s 
don= in June ..d Jul, 1991. Sam= polishing of 
bri&= coupler fl.ogea md tha ddition of 
imprond KF e=.le wer= don= to redusa .rcing 
.croms the fl..g=s. Tbi. protc.tTpe modula then 
e.. judged .deqn.ta to kcxme Module I of the nw 
1in.c. 

In Juno 1990 Cl... 1, OFHC eoppsr esgment. for 
production .cceler.tor fabriution began uriring 
from Bit.chi Indumtris., Jrpm. copper for one 
lg-urit, 1in.e .=ction vrired erer, two weeks to 
begin . four-month machining, tuning .nd brasing 
e,cle. The eegmented conetruction of the .ide- 

coupled accelersting structure used at LAYPF =.B 
adopted for the Fermilab linsc (mee Figure 6). 
ho section. were brazed ever, month rt P~omet 
Inc. starting in November 1998. 

The brasing of rccelerrtor .=ctien. ras 
carried out with . 1QBX ~uccees rat-e rith no brrze 
date ever missed during the thirtatn month 
.chodul=. Br.red .ectione llo~c toxwd imdiridurll, 
to 806 MEI, m&ax? in p.ir. fa their bridge 
conplere for tuning, md finrll, connected b, the 
ceder-feed bridge cooplv for fin.1 modvla tuning 
(sea Befa. 4&S).::, Accelerator modules were then 
rolt.ge conditioned .s described eulier rith 28 
to 80 million RF pulses to reduce their spark 
r.t.e . In the four-day Period of Yarch 10-18, X992 
-11 ewe. module. md the transition eection were 
~1.4 in the 1in.c enclosara rdjrcent to the 
present drift-tube linsc. 

The 12 IR k1,stro.s to power the new 
rccsler.tor module. we being produced b, Litton 
Electron Devices (Sm Carlom, 0.lifor.i.). The L- 
6869 kl,stron h.s fire cavities (input, tro 
idler., penultimate, output) md oper.tes .t 2 

Irpen. Bight production kl,etrons brre been 
delivered .t the r.te of one pu month mince in 
~ooreebsr 1991. A tot.1 of I4 trtbse .re o. order 
.ad should rll be delivered b, Februw, 1993. 

Three of the -eve. 12 YI KF rodulrtors hrre 
bsan commissioned .nd instrbllrtion of tested 
kl,strons has begun. The remaining four 
modul.tor. ue 90% complete. Ae kl,.tron. ve 
inetrlled, completed KF #,&em. will be opv.ted 
d .cceler.tor modules powered in ths linrc 
sncloewe to verify orer.11 .,.tem rclirhilit,. 
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Figure 2. The LAMFF side-coupled 
rccelerrtor md po.t- 
stabilimd bridge coupler. 

Figure 1. The Fermilab Linsc 
(plm view). 
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Fips 8. Fermilab side-urupled accelu&or nodule containing four #actions 
md three bridge-coupler.. Module height im two meters aad the 
length rrriem from 6.6 to 10 nstars for Kodulem 1 to 1. 
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Figure 1. CharSins supply, PFIi .md pul.e trsnsformer. 

Figure 6. BF power output verv~s input drive porv rt different 
gun roltrges for the Litton L-6859 806 MSz klystron. 

Figure 8. Stgmented construction of mide-coupled linrc used for LAI&'F md Fermilab. 


